






















Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Nov 08, 2017
GWAS of Barley Phenotypes Established Under Future Climate Conditions of Elevated
Temperature, CO2, O3 and Elevated Temperature and CO2 Combined
Ingvordsen, Cathrine Heinz; Backes, G.; Lyngkjær, M. F.; Peltonen-Sainio, P.; Jensen, J. D.; Jalli, M.;
Jahoor, A.; Rasmussen, M.; Mikkelsen, Teis Nørgaard; Stockmarr, Anders; Jørgensen, R. B.
Published in:
Procedia Environmental Sciences





Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Ingvordsen, C. H., Backes, G., Lyngkjær, M. F., Peltonen-Sainio, P., Jensen, J. D., Jalli, M., ... Jørgensen, R. B.
(2015). GWAS of Barley Phenotypes Established Under Future Climate Conditions of Elevated Temperature,
CO2, O3 and Elevated Temperature and CO2 Combined. Procedia Environmental Sciences, 29, 164-165. DOI:
10.1016/j.proenv.2015.07.241
 Procedia Environmental Sciences  29 ( 2015 )  164 – 165 
1878-0296 © 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the Agriculture and Climate Change - Adapting Crops to Increased 
Uncertainty (AGRI 2015)
doi: 10.1016/j.proenv.2015.07.241 
Available online at www.sciencedirect.com
ScienceDirect
Agriculture and Climate Change - Adapting Crops to Increased Uncertainty (AGRI 2015)
GWAS of barley phenotypes established under future climate
conditions of elevated temperature, CO2, O3 and elevated
temperature and CO2 combined
C.H. Ingvordsena*, G. Backesb, M.F. Lyngkjærc, P. Peltonen-Sainiod, J.D. Jensene,
M. Jallid, A. Jahoore, M. Rasmussenf, T.N. Mikkelsena, A. Stockmarra, R.B. Jørgensena
aTechnical University of Denmark, Frederiksborgvej 399, 4000 Roskilde, Denmark
bUniversity of Kassel, Nordbahnhofstr. 1a, 37213 Witzenhausen, Germany,
cUniversity of Copenhagen, Thorvaldsensvej 40 1871 Frederiksberg, Denmark
dMTT Agrifood Research Finland Plant Production Jokionen 31600, Finland
eNordic Seed A/S, Kornmarken 1, 8464 Galten, Denmark
fNordic Genetic Resource Centre, Smedievägen 3, 230 53 Alnarp, Sweden
Abstract
Climate change is likely to decrease crop yields worldwide. Developing climate resilient cultivars is one way to combat this
production scarcity, however, little is known of crop response to future climate conditions and in particular the variability within
crops.
In Scandinavia, barley is widely cultivated, but yields have stagnated since the start of this century. In this study we cultivated 138
spring barley accessions in a climate phytotron under four treatments mimicking forecasted levels of temperature, carbon dioxide
concentration ([CO2]) and ozone ([O3]) at the end of the 21st century1. The ambient control had 19/12C (day/night) and [CO2] at
385 ppm. Three single-factor treatments had elevated temperature +5C day/night, [CO2] at 700 ppm or [O3] at 120 ppb, and in a
two-factor treatment the combination of elevated temperature and [CO2] was applied.
Treatment effects were assessed on grain yield, grain protein concentration, grain protein harvested, number of grains, number of
ears, aboveground vegetative biomass and harvest index. In addition, stability of the production was calculated over the applied
treatments for the assessed parameters.
In the climate scenario of elevated temperature and [CO2] the grain yield of barley decreased 29% and harvested grain protein
declined 22%. Vast variation was identified among the individual barley accessions, which should be exploited by plant breeders
in the development of climate resilient cultivars.
A genome-wide association study (GWAS) of recorded phenotypes and 3967 SNP-markers identified 60 marker-trait associations
(-logp>2.95)2. Markers were found associated with grain yield under all three single factor treatments temperature, [CO2] and [O3],
as well as with stability over treatments.
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To our knowledge, this is the first study that evaluates numerous barley accessions under future climate conditions and identifies
candidate markers for abiotic stress tolerance - markers that could be used in the development of cultivars to secure future primary
production.
© 2015 The Authors. Published by Elsevier B.V.
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